During the accident of Three Mile Island Unit 2 reactor on March 1979, volatile fission products (FP) were released, but their amounts were much less than expected. According to the investigation(1), one of the reasons was that the volatile and corrosive FP such as Cs, I and Te reacted with structural material of the reactor under the steam atmosphere and were adsorbed by the reactor vessel and coolant system. In order to predict Cs release from a plant and to get information for decontamination and disassembly of a nuclear facility, it is important to study the corrosion behavior under the condition of accident.
Up to now, the corrosion behavior of various metallic materials under steam atmosphere has been studied widely (2) , but the corrosion under the condition of steam containing Cs has not been attracted so much. According to the thermodynamic calculations by Potter et al. (5) besides CsOH, CsI also existed in steam. The CsI did not participate in the corrosion reaction directly, because the reaction, CsI+H20->CsOH+HI, happened in the steam, and CsI was stable for oxidized stainless steel surface (6) . In this study, the corrosion behavior of SUS-304L SS has been studied under the condition of steam containing CsOH. Based on the obtained kinetic data and observation of the oxide layer by SEM (Scanning electron microscope), XRD (X-ray diffraction), EPMA (electron probe microanalyzer) and IMA (ion microanalyzer), the corrosion reaction mechanism has been discussed. 
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II. EXPERIMENTAL PROCEDURE
The chemical composition of SUS-304 SS used in this experiment is shown in Table 1 . Rods of 7 mm in diameter and 30 mm in length were heated at 1,050dc for 30 min for solution treatment, and quenched in water.
Specimens of 1 mm in thickness were cut from the rods. Their surfaces were polished by emery paper and buffing and cleaned by ethyl alcohol. Figure 1(b) shows the heating furnace used in this experiment.
The specimen and the corrosion solution were placed at a uniform temperature region of each section of the furnace, respectively. During heating, the temperature of the corrosion solution was fixed at 110dc, while that of the specimen was fixed at 450, 550, 600, 650, 700 or 750dc, respectively.
The steam pressure of the corrosion solution was estimated to be 1.4 atm.
After heating, the surface and cross section of the specimens were examined and analyzed by the following methods :
(1) Observation on the surface by a SEM. ) shows the surfaces of the specimens reacted under various conditions observed by SEM. From Photo. 1(a), it can be seen that no significant corrosion took place at 550dc and grain boundaries of the specimen were evolved.
The similar morphology was also observed on the surface of the specimen heated at 650dc as shown in Photo. 1(b When the heating temperature was raised to 750dc, this trend was clearer. Figure 2 shows the X-ray diffractograph obtained on the surface of the specimen heated at 650dc. From the identification of these results by using ASTM cards, it is found that only oxides of the constituent elements of the specimen were formed. Diffraction peaks of Al203 observed are considered to be due to alumina polisher.
For the runs in both SUS-304 SS capsules and quartz capsules, similar results were obtained. Photograph 2(a) and (b) shows an example of cross-sectional views of the reaction layer where K is the constant, Q the activation energy (j mol-1), R the gas constant (J mol-1. K-1) and T the absolute temperature (K). Figure 6 shows the Arrhenius plot of reaction rate constant obtained in the specimens heated in the steam containing various CsOH concentrations.
The least square fittings of these results to Eq. (2) give the following 
IV. DISCUSSION
From the experimental results, the sequence of reaction shown in Fig. 7 ' " have shown that the existence of 02-, OH-could be identified in the SUS-304 SS heated in the steam containing CsOH at 550-C by X-ray photospectroscopy.
The Fe30, and FeO, which were more stable than Fe0(OH) have been found in this experiment.
Intermediate Stage of Corrosion Reaction
The intermediate corrosion mechanism can be explained from the results of XRD and The region of lower Fe concentration in the stainless steel matrix adjacent to the reaction phase were formed with the growth of the oxide layers. The stress induced in the oxide layer gives rise to the excess lattice defects, and consequently the diffusion coefficients of Fe, 0 and Cs were increased.
As a result, the (Fe, Ni, Cr, Mn) spinels were formed in the stainless steel matrix with lower Fe concentration by reaction of Fe, Ni, Cr, Mn with the dissociated oxygen of Fe,04 and oxygen diffusing through the oxide layer.
Next, it is important to discuss about the rate-determining process of corrosion. As already described in Sec. III-1, the oxide layer of Fe grew outward from the original surface of a specimen.
It can be considered that the diffusion of Fe atoms in the oxide layer or spinel is the rate-determining process. Smith (8)(9) has measured diffusion coefficients of Fe in the (Fe, Cr, Ni) spinel and Fe3O4 by using 59 Fe tracer, and found that the diffusion coefficient is one order smaller in Fe3O4 than that in (Fe, Cr, Ni) spinel. It is concluded that the diffusion of Fe atoms in the oxide layer is the rate-determining process.
The activation energy, 220 kJ/mol, of oxygen uptake shown in Fig. 6 is not so different from the one, 225~312 kJ/mol, of diffusion of Fe in Fe3O4 (10)(11). This difference is expected to be resulted from the existence of the stressinduced lattice defects which is more effective at lower temperatures.
Final Stage of Corrosion Reaction
During heating for further long period, the stress induced in the oxide layer increases with the extent of corrosion.
If the stress exceeds the fracture stress of Fe3O4, cracks are formed in the outer layer.
When the steam, oxygen and CsOH enter the interface of the two reaction layers through the cracks, the corrosion reaction progresses more severely and exfoliation takes place in the reaction layer.
4. Effect of CsOH on Corrosion Reaction As shown in Fig. 6 , the effect of CsOH concentration on the corrosion reaction rate constant is small. This fact can be explained from the above corrosion model that CsOH affects the corrosion reaction mainly in the initial stage. When the corrosion reaction in the steam containing CsOH is compared with that in the pure steam, the corrosion process in the initial stage can be expressed by the following different corrosion reactions :
In the case of steam containing CsOH,
In the case of pure steam,
It is observed that CsOH is strongly corrosive and Fe(OH), is easily formed and decompose to Fe3O4 in the case of steam containing CsOH. In the case of pure steam, Fe3O4 is formed by a simple oxidation reaction and its reaction rate is slow compared with the reaction in the former case.
As shown in Fig. 4 , Cs existed with Cr and Si at the interface between outer and inner oxide layers.
It has been known that Cs2CrO, is formed in the FBR fuel rod as a compound of Cs-Cr-O.
On the other hand, Powers el al. (4) and Elrick et al.(3) have found that Cs2Si4O9 was formed in the stainless steel heated in the steam containing CsOH. Local enrichment of Cs was observed at the initial surface, although no evidence was found for the existence of the cesium silicate in this study.
The reason why Cs did not exist in the outer layer is considered that Cs-Fe-O compounds might be unstable in the temperature range of this study.
V. CONCLUSIONS
The reaction of CsOH vapor with SUS-304L SS has been studied in steam atmosphere. The corrosion reaction mechanism has been discussed on the basis of microstructure and composition of the reaction layer. Major conclusions are as follows :
(1) The SUS-304L SS was easily corroded in the steam containing CsOH at temperature above 500dc. (2) The reaction zone was divided into two layers. The outer oxide layer rich in Fe and O grow outward from the original surface of a specimen, while the inner (Fe, Cr, Ni, Mn) spinel layer grew in the interior of a specimen. (3) The corrosion reaction was divided into three stages of reaction. In the first stage, the specimen was easily corroded by CsOH, and then its compound quickly decomposed to Fe-O compound. In the second stage, corrosion progressed by the 40-diffusion of Fe atoms in the oxide layer.
In the third stage, the stress-induced cracks led to the exfoliation of oxide layer. 
